The changes in pulmonary artery pressure during recovery from hyaline membrane disease were studied by serial Doppler echocardiography on 37 preterm infants. Pulmonary artery pressure was assessed noninvasively by its inverse relationship with the ratio of pulmonary artery Doppler time to peak velocity and right ventricular ejection time. The pattern of rise in ratio after the acute phase of hyaline membrane disease divided into three types. In 25 infants the ratio returned to the normal range: in 12 (group 1) at the same time as the fractional inspired oxygen fell below 05 and in 13 (group 2) after a delay of at least 24 hours. In 12 infants (group 3) the ratio remained below the normal range during their hospital stay, suggesting pulmonary artery pressure remained high. Infants in group 3 were of significantly lower gestation and required oxygen treatment for significantly longer than infants in groups 1 and 2. Persistently raised pulmonary pressures in group 3 may reflect lung damage either directly affecting pulmonary vasculature or exerting a secondary effect on pulmonary vascular resistance through hypoxaemia. Pulmonary hypertension is a common and serious complication of bronchopulmonary dysplasia.' Whether this is due to a primary effect of parenchymal lung damage sustained during mechanical ventilation or whether it is due to a secondary effect of chronic hypoxia remains unclear. High pulmonary artery pressures during the acute phase of hyaline membrane disease have been documented by both direct and indirect methods.2 3 Whether and when pulmonary artery pressure returns to normal during the recovery period of hyaline membrane disease has not been studied.
Pulmonary hypertension is a common and serious complication of bronchopulmonary dysplasia.' Whether this is due to a primary effect of parenchymal lung damage sustained during mechanical ventilation or whether it is due to a secondary effect of chronic hypoxia remains unclear. High pulmonary artery pressures during the acute phase of hyaline membrane disease have been documented by both direct and indirect methods.2 3 Whether and when pulmonary artery pressure returns to normal during the recovery period of hyaline membrane disease has not been studied.
Doppler echocardiography provides a noninvasive method to assess pulmonary artery pressure. The ratio of time to peak velocity (TPV) and right ventricular ejection time (RVET) as measured from the pulmonary artery Doppler velocity time curve has a close inverse correlation with pulmonary artery pressure. This association has been validated by comparison with direct measurements in older children and adults. 4 We have previously reported the results of using these methods to study pulmonary artery pressure during the acute phase of hyaline membrane disease in a group of preterm infants. 3 In this paper we describe the results of using Doppler echocardiography to assess pulmonary artery pressure in the same group of infants through the recovery period until discharge from hospital.
Methods
All infants were studied using an ATL Ultramark 4 scanner with range gated pulsed Doppler. Two dimensional imaging was done with a 7 5 MHz transducer which incorporates a 5 MHz pulsed Doppler crystal.
The procedure for each study was as follows. The pulmonary artery was visualised from the parasternal long axis view. The Doppler sample volume was placed just distal to the pulmonary valve and the Doppler pattern was recorded and frozen on screen. The time intervals were measured using the incorporated Doppler measurement calipers, a print was then taken. TPV was measured as the time interval between the systolic Doppler waveform leaving the baseline and reaching its peak velocity. RVET was the time interval between the systolic waveform leaving and returning to the baseline. A mean of three systoles was taken. A second 'blind' observer repeated the measurements on 50 of the Doppler prints using a computer digitiser system. The correlation coefficient between the 'on line' and 'blind' measurements was 0 92. The ductus arteriosus was then visualised from the high left parasternal view. The Doppler sample volume was placed in the pulmonary end of the duct and the flow pattern recorded. The duct was assessed as closed when it could not be visualised and no flow could be detected on a pulsed Doppler search of the pulmonary end of the duct.
Thirty seven preterm infants were studied. Mean gestation was 30 5 weeks (range 26-37 weeks) and mean birth weight 1570 g (range 720-2960 g). All infants had hyaline membrane disease, the parameters of disease severity are shown in table 1. No infant received muscle relaxants or inotropic support during the phase of the illness described in this paper. For the purposes of this study the acute phase of hyaline membrane disease was defined as the period until the fractional inspired oxygen (FiO2) had peaked and returned to below 0-5; these results. have been previously reported.3 The recovery phase described in this paper was the subsequent period until discharge from hospital. Infants were studied initially every 24 hours, this interval increased, as recovery continued, to approximately twice weekly. At the time of each study a record was kept of oxygen requirements, ventilator settings, and most recent blood gases. Infants were studied until either Doppler assessment ofpulmonary artery pressure during recoveryfrom hyaline membrane disease 
Results
In all infants TPV:RVET ratio rose in the early recovery period above the levels seen during the acute phase. The pattern of change in TPV:RVET fell into three groups. In 12 infants, group 1, the ratio rose rapidly into the normal range within 24 hours of the oxygen requirements falling (fig 1) . In 13 infants, group 2, there was a delay of more than 24 hours between the FIO2 falling to below 0 5 and the ratio rising into the normal range (fig 2) . The RVET as is shown in fig 3. In the early recovery period the ratio rose towards the normal range but fell as the recovery period continued. In the other six infants, which included the infant with severe bronchopulmonary dyplasia, the ratio remained at a relatively consistent low level throughout the recovery period. There were slight differences in the mean heart rate at the time of study. Mean (SD) heart rate for the healthy infants was 144 (15). The mean heart rates in groups 2 and 3, respectively 155 (14) and 157 (17), were higher than that in group 1 (135 (18)). Apart from between groups 2 and 3, the differences in mean heart rate between the groups were significant, p<0-01.
There was no correlation between TPV:RVET and heart rate, either overall or within each group. Table 2 compares variables of respiratory disease severity and maturity between the three groups. The median gestation was progressively significantly lower between the groups 1 through to 3. Group 1 had significantly higher median birth weight than group 3. Each infant's mean acute phase ratio was significantly lower in group 2 than group 1 but was not significantly lower in group 3. The differences in time to duct closure were not significant, but groups 2 and 3 were ventilated for significantly longer than group 1. The infants in group 3 required oxygen treatment for significantly longer than groups 1 and 2 with all but two of them requiring extra inspired oxygen for more than 28 days (672 hours). 
Discussion
The two factors other than pulmonary artery pressure which will affect the TPV of pulmonary artery flow are heart rate and myocardial contractility. As the heart rate increases the TPV will be reduced.6 This effect is reduced, but not eliminated, by expressing the TPV as a ratio to RVET. 6 We could find no association between heart rate and TPV:RVET within this study though there were small but significant differences between the mean heart rates of the groups of infants with hyaline membrane disease and the healthy infants. From the data of Serwer et al,6 we would expect the differences in mean heart rate between the groups to reflect in a change in TPV:RVET of about 0-01. It is unlikely that this would affect the results described in this paper. Reduced myocardial contractility will prolong the TPV. Right ventricular function was not formally assessed in this study. However only the infant who died was considered to have reduced right ventricular contractility on imaging.
Eleven of the 37 infants in this study still had Doppler evidence of high pulmonary artery pressure at the time of their discharge from hospital. Despite this, at discharge these infants were breathing spontaneously in air. The prolonged need for oxygen treatment and the lower gestation of this group would suggest that these were the infants who had sustained a degree of damage to their lungs during the acute phase of their illness. Respiratory problems are common after discharge from neonatal intensive care and abnormalities of respiratory function can be detected up to 7 years of age.7 It seems likely that there is a range of damage sustained by the lungs during ventilatory support for hyaline membrane disease, with only the more severe form manifesting as a continuing recognised requirement for ventilation and oxygen treatment. Pulmonary hypertension has been well documented as a complication of these severe forms of bronchopulmonary dysplasia.' One infant in the group that we studied developed severe bronchopulmonary dysplasia; that infant had a persistently very low TPV:RVET and died at 35 weeks of age in right ventricular failure. Our data would suggest that there is also a range of raised pulmonary vascular resistance; and that even milder degrees of lung damage, which do not require long term oxygen treatment, have continuing evidence of raised pulmonary artery pressure.
In bronchopulmonary dysplasia some of the raised pulmonary vascular resistance probably results directly from parenchymal lung damage but there is evidence that it may in part be a secondary effect of hypoxia.' Hypoxia is a potent pulmonary vasoconstrictor and, if chronic, may lead to alteration in the structure of the pulmonary vascular bed. Such changes have been seen at necropsy in cases of bronchopulmonary dysplasia.8 In addition, catheter studies in infants with severe bronchopulmonary dysplasia have shown that in many cases pulmonary artery pressure will fall if 100% oxygen is inspired.' In half the infants in group 3 of our study, the TPV:RVET fell as the recovery period continued. It seems possible that borderline low levels of oxygen or unrecognised hypoxaemic periods may be sustaining high pulmonary artery pressure in those infants. Pulse oximetry provides a good non-invasive means to monitor oxygenation in those infants.9 It may be that continuous monitoring of infants who have had a prolonged need for oxygen treatment should become routine, even after transfer into air. The presence of a low TPV:RVET ratio may provide a further pointer to those infants in whom particularly close attention to oxygenation is needed. Further study is required to clarify those points.
Further study is also needed to follow up a group of these infants beyond their discharge from hospital. Firstly, to establish whether and when the ratio returns to the normal range and secondly, to see if a low ratio is associated with a higher risk of postneonatal respiratory problems.
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